In-vitro fertilization is associated with a high rate of multiple pregnancies, a consequence of the number of embryos transferred. There is a challenge in avoiding even twin pregnancies in assisted reproduction, and this can be accomplished with elective single embryo transfer and a good cryopreservation programme. In our follow-up study, we analysed all our elective single embryo transfers during 1998-1999. In all these cycles at least one embryo was frozen. A total of 127 elective single embryo transfers were performed with a clinical pregnancy rate of 38.6%. The highest implantation rate was obtained with four-cell embryos with <10% fragmentation (39.8%). Thirty-four patients have delivered (26.8%), one of these being a monozygotic pregnancy. In total 129 frozen-thawed cycles have been achieved in 83 patients. One frozen-thawed embryo has been transferred in 46 cycles with a clinical pregnancy rate of 17.4%, and two embryos have been transferred in 83 cycles, with a clinical pregnancy rate of 37.3%. Up until now, 66 of 125 patients in our single embryo transfer programme have delivered or have on-going pregnancies, and 77 still have embryos frozen. The cumulative delivery rate per oocyte retrieval is 52.8% and the twin rate 7.6%. We conclude that elective single embryo transfer with a good cryopreservation programme results in very acceptable pregnancy rates with a low risk of twins. This is a cost-effective practice that substantially reduces all risks associated with multiple pregnancies and lowers the cost per delivery.
Introduction
tion of the IVF cycle. The contribution of cryopreservation to pregnancy has been reported to increase the take-home baby A new strategy is needed to improve the quality of assisted rate by 5.2% (Kahn et al., 1993) , to 11% (Wang et al., 1994) reproductive techniques. The main reason for adverse treatment or even 19% (Bergh et al., 1995) . outcome in assisted reproductive techniques is the high rate
The objective of our follow-up study was to analyse data of multiple pregnancies, including twins (Bergh et al., 1999) . from our elective single embryo transfer programme and to To avoid triplet pregnancies, many European IVF centres have expand the findings by combining the results from frozenaccepted the policy of transferring only two embryos (Coetsier thawed cycles. In an attempt to establish quality criteria for and Dhont, 1998) , and nowadays an overall pregnancy rate of embryos, we examined the characteristics of the embryos that 30-40% per cycle is obtained in many assisted reproductive resulted in ongoing implantation both in fresh and frozentechnique programmes. However, the number of twin pregnanthawed transfers. cies after transfer of two embryos is still high (Templeton and Morris, 1998) , increasing the health-care costs for delivery and the newborn by 5.4 times (Gissler et al., 1995) . One of Materials and methods the main challenges is to avoid twin pregnancies without
We analysed all cycles with single fresh embryo transfer performed significantly lowering the overall pregnancy rates. This can be during the years 1998-1999 at the Infertility Clinic of Helsinki done if the best embryo can be selected for transfer and if the University Central Hospital. All patients were treated with the long freezing and thawing techniques can be improved. (Table II) .
were graded according to the number of blastomeres, the degree of A total of 932 embryos were frozen, a mean of seven Two hundred and twelve embryos have been transferred in after oocyte retrieval.
Freezing and thawing were carried out using the standard protocol 129 cycles. The embryos were eligible for transfer if two-cell (Testart et al., 1986 ) with 1,2-propanediol (PROH), modified accordembryos cleaved during overnight culture (van der Elst et al.,
ing to the manual of the media provider (Freeze-kit1 and Thaw-kit1; 1997), and the embryos had only one nucleus per blastomere.
Scandinavian IVF Science) in vials. Usually two or three embryos
After thawing, one embryo was transferred in 46 cycles, were frozen in the same vial for practical reasons and to ensure the resulting in eight clinical pregnancies (pregnancy rate 17.4%), possibility for transfer after thawing. Two-cell embryos were thawed of these, five have delivered or are on-going (delivery rate per and cultured overnight and transferred only if they cleaved (Van der embryo transfer 10.9%). Two embryos were transferred in 83 Elst et al., 1997) . Four-cell embryos were thawed and transferred on cycles, resulting in 31 pregnancies (pregnancy rate 37.3%), of the same day. One embryo was always transferred if there was a these, 27 have delivered or are on-going (delivery rate per medical reason. Two-embryo transfer was allowed after careful embryo transfer 32.5%). rates were highest when the embryos were at the four-cell as well as the long-term social and psychological impact on the whole family. Competition between the centres should not result in multiple embryo transfers and thus multiple prospective randomized study (Gerris et al., 1999) . In our 100 142 30 21.1 earlier retrospective study (Vilska et al., 1999) , the highest
implantation rates were obtained when four-to five-cell embryos with fragmentation Ͻ20% were transferred on day 2 (36%) or when six-to eight-cell stage embryos were transferred stage on day 2 and had Ͻ20% fragmentation. If strict criteria on day 3 (45%) or embryos with no fragmentation irrespective for selecting top quality embryos are utilized, and one embryo is transferred in a highly selected patient group (age Ͻ34 of cleavage stage were transferred (34%). The implantation rate in the present study was 39.8% with the same criteria as on-going pregnancy rate of 32.5%, of which 14.8% were twins. This means that we have to consider single embryo applied in the Belgian study.
The scoring of the embryos could be improved even more transfer in frozen-thawed cycles as well. In order to do this, the selection criteria for embryos to be frozen should be (Edwards and Beard, 1999) . Besides the commonly used morphological criteria, polarity of the pronuclei (Scott and optimized, preferably only one top quality embryo, possibly accompanied by a lower grade embryo in the same vial. Smith, 1998; Garello et al., 1999) , or variations in the thickness of zona pellucida (Palmstierna et al., 1998) might be applicable.
More than half of our 125 patients have delivered, and 18 non-pregnant couples still have frozen embryos. It can be Tesarik et al. have shown implantation rates of 30.2% in embryos judged normal at the pronuclear stage (Tesarik et al., speculated that if the implantation rate is the same with these cryopreserved embryos, ultimately 57% of the couples will 2000). Until now, we have not used this criterion for selection of the embryo for transfer. Careful evaluation of all blastomeres have a live birth after single oocyte retrieval cycle. However, we can already state that embryo cryopreservation is effective in four-cell embryos is also essential. It has been demonstrated that embryos displaying multinuclearity have impaired in increasing the pregnancy rate per oocyte recovery and thus lowering the ultimate cost per delivery. This information should implantation potential (Pickering et al., 1995; Pelinck et al., 1998) . In our practice, embryos with multinuclear blastomeres be used when counselling patients and formulating health care policy (Van Voorhis et al., 1995) . IVF results should be are not used for transfer unless they are the only embryos available.
presented as 'birth per embryo transferred' and this term should be given the status of 'the criterion of assisted reproductive In our previous study (Vilska et al., 1999) the selection criteria for patients for single embryo transfer were not as techniques excellence ' (Hazekamp et al., 2000) . We conclude that even better results can be achieved if the strict as in the Belgian study (Gerris et al., 1999) , which produced an ongoing pregnancy rate of 40%; we had a embryo culture and freezing techniques can be improved.
Single embryo transfer combined with freezing of extra pregnancy rate of 30%. In the present study, the criteria for elective single embryo transfer were even more liberal. We embryos is highly effective and lowers the ultimate costs per delivery. cautiously counsel our patients who come for the first IVF/ ICSI treatment cycle and who are under 38 years of age, to accept only one embryo for fresh transfer, in order to avoid References multiple pregnancies. In cases where good embryos are not Bergh, T., Ericson, A., Hillensjö, T. et al. 1999) Deliveries and children born produced, transfer of two embryos is allowed. This means that after in-vitro fertilisation in Sweden 1982-95: a retrospective cohort study. a change in attitude is necessary both in patients but, more Lancet, 354, 1579 Lancet, 354, -1585 importantly, in doctors (Gerris et al., 1999) . We have not Bergh, C., Josefsson, B., Nilsson, L. and Hamberger, L. (1995) The success rate in a Swedish in-vitro fertilization unit: a cohort study. Acta Obstet.
performed any three-embryo transfers during the last 5 years, Gynecol. Scand., 74, [446] [447] [448] [449] [450] because we think that triplets should not be allowed in a Whether the laborious blastocyst culture will result in a Damario, M.A., Hammitt, D.G., Session, D.R. and Dumesic, D.A. (2000) high pregnancy rate while lowering the number of twins has Embryo cryopreservation at the pronuclear stage and efficient embryo use to be studied in a prospective setting, in which transfer of the optimizes the chance for a liveborn infant from a single oocyte retrieval.
best embryo on day 2 is compared with the transfer of one has been no evidence that single blastocyst transfer is a costGarello, C., Baker, H., Rai, J. et al. (1999) Pronuclear orientation, polar body effective method of avoiding twins. Moreover, the cryoplacement, and embryo quality after intracytoplasmic sperm injection and in-vitro fertilization: further evidence for polarity in human oocytes? Hum.
preservation of blastocysts is difficult.
Reprod., 14, 2588-2595.
The ability of embryo cryopreservation to enhance the Gerris, J., De Neuborg, D., Mangelschots, K. et al. (1999) Prevention of twin cumulative pregnancy potential after oocyte retrieval is somepregnancy after in-vitro fertilization or intracytoplasmic sperm injection based on strict embryo criteria: a prospective randomized clinical trial.
what underappreciated (Damario et al., 2000) . Good Hum. Reprod., 14, 2581 -2587 cryopreservation and thawing techniques are necessary in Giorgetti, C., Terriou, P., Auquier, P. et al. (1995) We transferred two embryos to selected patients, achieving an
